CLASPing Microtubules at the trans-Golgi Network  by Liu, Zhonghua et al.
Developmental Cell
PreviewsCLASPing Microtubules
at the trans-Golgi Network
Zhonghua Liu,1 Queenie P. Vong,1 and Yixian Zheng1,*
1Carnegie Institution of Washington and Howard Hughes Medical Institution, Department of Embryology, Baltimore,
MD 21218, USA
*Correspondence: zheng@ciwemb.edu
DOI 10.1016/j.devcel.2007.05.007
Microtubule (MT) arrays can be formed either from centrosomes or from noncentrosomal locations.
In this issue of Developmental Cell, Efimov and colleagues report a role of CLASPs, the MT plus
end-binding proteins, in MT formation from Golgi, implicating Golgi-originated MT arrays in efficient
cell migration (Efimov et al., 2007).Eukaryotic cells depend on micro-
tubule structures for intracellular trans-
port, cell polarization, motility, and
division. Concentrated by the micro-
tubule nucleator called the g tubulin
ring complex (gTuRC), the centrosome
is a major MT nucleation site in
most cell types (Wiese and Zheng,
2006). In interphase, the single cen-
trosome nucleates and organizes a
radial array of MTs that have their
plus ends extending to the cell periph-
ery and their minus ends associated
with the centrosome. In addition to
the centrosomal MT array, many cell
types also maintain noncentrosomal
MT arrays (Bartolini and Gundersen,
2006). For example, the parallel MT
arrays found in polarized epithelial
cells are arranged with the plus and
minus ends proximal to the basal and
apical surfaces of the cell, respec-
tively. The MTs in the muscle myo-
tubes appear to be nucleated from
the material that clusters around the
nuclei after myoblast fusion. These
MTs are subsequently organized into
parallel arrays along the length of
the myotube. Noncentrosomal MTs
can be nucleated and released from
the centrosome and subsequently
become captured and stabilized into
a noncentrosomal array. Organelles
other than the centrosome may also
serve as sites of MT nucleation. For
example, purified nuclei and Golgi
complexes have been shown to
nucleate MTs in vitro. However,
whether and how these organelles
mediate the formation of noncentro-
somal MTs in vivo have remained
unclear.The elegant study by Efimov et al.
(2007) now demonstrates that the
trans-Golgi network (TGN) functions
as a microtubule-organizing center
(MTOC) in motile animal cells. By
tracking fluorescently labeled EB3 or
CLIP170 proteins to mark the plus
ends of MTs, the authors found that
many MTs are generated from TGN
in a range of cell types. A membrane-
bound protein, GCC185, recruits
CLASPs to the TGN, where the
CLASPs stabilize pre-existing noncen-
trosomal MT seeds and promote the
elongation of MTs from the TGN. By
ablating the centrosomes with a laser,
the authors were able to show that MT
nucleation at the Golgi does not de-
pend on the centrosome, but it does
require gTuRC. As gTuRC has previ-
ously been shown to interact with cis-
Golgi proteins such as GMAP210 and
AKAP350, the authors suggest that
MTs nucleated at the cis-Golgi by
gTuRC are transported via dynamic
flow of Golgi cisternae to the TGN,
where they are further stimulated by
CLASPs to grow into MT arrays.
This unequivocal identification of the
Golgi as an MTOC in living cells opens
up a number of exciting avenues for
further investigation. As CLASPs are
localized at the TGN, it will be impor-
tant to understand how the MT seeds
formed at the cis-Golgi by gTuRC re-
main stable until they reach the TGN
and meet CLASPs. Unlike the radial
centrosome-nucleated MT arrays, the
Golgi-originated MTs are asymmetri-
cal, pointing toward the leading edge
of the polarized/migrating cell. As
highlighted by Efimov and colleagues,Developmental Cethis asymmetry could reflect selective
stabilization and tethering of MTs by
the CLASP-containing TGN. Centro-
somal MT arrays are important for
cell polarization and migration of many
cell types. Does the TGN MT array
also play a role? If so, how could the
radial MT array generated by the cen-
trosome and the asymmetrical MT
array formed by the TGN coordinate
with one another to facilitate cell
migration?
CLASP2 has been shown to pro-
mote persistent motility in fibroblasts
(Drabek et al., 2006). As CLASP2 is
not essential for centrosome reposi-
tioning during cell migration or centro-
some-mediated MT assembly, MT as-
sembly from the TGN by CLASPs may
play a role in cell motility. Centrosomal
MT arrays are crucial for organizing the
Golgi network. It is conceivable that
centrosomal MT arrays indirectly orga-
nize the TGNMT arrays. By interacting
with the centrosomal MT arrays, the
asymmetrical TGN-MT arrays in turn
could reinforce the direction of cell
polarization and motility.
The membrane of a migrating cell
is highly polarized, and this requires
directed vesicular trafficking to deliver
membranes and their associated pro-
teins to the leading edge of the cell.
The Golgi-initiated MTs could facilitate
such trafficking. The TGN MT arrays
may drive themovement of the leading
edge, whereas the centrosomal MT
array could be important for nuclear
translocation. Therefore, coordination
between a dynamic network of centro-
somal and TGN MTs could result in ef-
ficient cell protrusion and movement.ll 12, June 2007 ª2007 Elsevier Inc. 839
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PreviewsFigure 1. MT Nucleation and Organization by the Golgi
The interphase Golgi functions as an MTOC to organize the noncentrosomal MT array through the
Golgi-tethered gTuRC and CLASPs. Similar noncentrosomal MTs may also be nucleated by the
mitotic Golgi fragments, which could contribute to mitotic spindle morphogenesis.The membrane system has been
traditionally viewed as carriers or com-
partments that use MTs and/or the
actin cytoskeleton to segregate and
deliver materials within the cell. How-
ever, there is increasing evidence that
membrane organelles can also influ-
ence the cytoskeleton. By pinpointing
the MT stabilizing factor CLASPs in
mediating Golgi MT assembly and
organizing, Efimov and colleagues fur-
ther strengthen the idea that the mem-
brane system plays an important role
in orchestrating cytoskeleton function.
Interestingly, the CLASP proteins also
play a role in proper mitotic spindle
function (Walczak, 2005). Moreover,
proteins involved in interphase mem-
brane trafficking have been implicated
in mitotic spindle assembly (Cao et al.,
2003; Royle et al., 2005; Sutterlin et al.,
2005; Vong et al., 2005), begging the
question of whether the membrane840 Developmental Cell 12, June 2007 ªsystem also plays a role in regulating
MT assembly and organization during
mitosis.
Although centrosomes contribute
toward MT assembly in mitosis, spin-
dle assembly per se does not require
the presence of centrosomes. An
interesting possibility is that, like the
interphase TGN, certain mitotic mem-
brane system components could
contribute to the assembly of the non-
centrosomal MTs in the spindle. Dur-
ing mitosis, the Golgi apparatus is
fragmented and scattered throughout
the spindle area. It is possible that
these Golgi fragments could tether
proteins such as CLASPs and gTuRC
to stimulate noncentrosomal MT as-
sembly (Figure 1). Consistent with
this idea, a membranous lamin-con-
taining mitotic matrix was shown to
tether a number of factors required
for spindle assembly in Xenopus egg2007 Elsevier Inc.extracts and the isolated matrix could
stimulate MT nucleation in vitro (Tsai
et al., 2006). To understand whether
a membrane system regulates the
assembly of noncentrosomal MTs in
mitosis, it will be important to under-
stand the mitotic organization of the
membrane network. The finding that
TGN-tethered CLASPs regulate MT
assembly from the Golgi in interphase
provides an impetus and insight for
further exploration of the role of mem-
brane systems in cell polarization and
migration in interphase and spindle
assembly in mitosis.
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